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of Laye (4) and Manna, were all cracked by them ; 
and the works at the fugar-plantation (5) received 
confiderable damage. The ground opened near the 
qaalloe ( 6 ) at Bencoolen, and up the River in feveral 
places $. and there iflued therefrom fulphureous earth, 
and large quantities of water, fending forth a mod: 
intolerable ftench. Poblo Point (7) was much cracked 
at the fame time ; and fome doqfoons (8) in-land at 
Manna were deftroyed, and many people in them. 

Thefe are all the ill effects, that have come to our 
knowlege; but, it is reafonable to fuppofe, not all 
the damage, that has happened upon the ifland. 


LXII'T. Concerning the Fall of Water under 
Bridges. By Mr. J. Robertfon* F. R. S. 

Read Jan. 19, O M E time before the year 1740*, 
17581 the problem about the fall of water, 

©ecafioned by the piers of bridges built acrofs a river, 
was much talked of at London, on account of the 
fall that it was fuppofed would be at the new bridge 
to be built at Weftminfter. In Mr. Hawkfmore’s and 
Mr. Labelye’s pamphlets, the former publifhed in 

173d, 


(4) Laye houfe or faflory is about 30 miles to the northward of 
Marlborough, and Manna houfe or[fa< 3 ory fifty miles to the fouth- 
ward, 

(5) The fugar-plantation is five or fix miles from Marlborough- 

(6) The qualloe is the country word for a river’s mouth. 

(7) Poblo Point lies about three leagues to the fouthward of 
Marlborough. 

(8) Doofoum are villages* 
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173‘tf, jmd the latter in 173$, the refult of Mr. La^ 
belye’s computations was given: but neither the jn- 
veftigation of the problem, nor any rules, were at 
that time exhibited to the public. 

In the year 1742 was publifhed Gardiner’s edition 
of Vlacq’s Tables; in which, among the examples 
there prefixed to (hew fame of the tjfcs of thofe 
tables drawn up by the late William Jones, Efq; 
there are two examples, one fhewing how to com¬ 
pute the fall of water at London-bridge, and the 
other applied to Weftminfter-bridge: but that ex¬ 
cellent mathematician’s inveftigation of the rule, by 
which thofe examples were wrought, was not printed, 
altho’ he communicated to feveral of his friends copies 
thereof. Since that time, it feems as if the problem 
had in general been forgot, as it has not made its ap¬ 
pearance, to my knowlege, in any of the fubfequent 
publications. As it is a problem fomewhat curious, 
tho’ not difficult, and its folution not generally known 
(having feen four different folutions, one of them 
very imperfeft, extracted from the private books of 
an office in one of the departments of engineering in 
a neighbouring nation), I thought it might give fome 
entertainment to the curious i% thefe matters, if the 
whole procefs were publifhed. In the .following in¬ 
veftigation, much the fame with Mr-Jones’s, as the 
demonftrations of the principles therein ufed appeared 
to be wanting, they are here attempted to be fup- 
plied. 

Principles. 

I. A heavy body , that in the firf fecond- of time has; 
fallen the height of ofeet> has acquiredfucb a ve¬ 
locity* 
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"~locity, thaty moving uniformly therewith, will in 
the nex t fecond of time move the length of z a feet , 

II. ‘The fpaces run thro ’ by falling bodies are proper-, 
tional to one another as the {quarts of their laff or 
acquired velocities. 

Thefc two principles are demonstrated by the 
writers on mechanics. 

HI. Water forced out of a larger chanel thro* one 
or more fmailer pajfages , will have the Jlrearns thro* 
thofe pajfages contracted in the ratio of 25 to 11. 

This is fhewn in the 36th prop, of the ad hook 
of Newton’s Principia. 

IV. In any Jlr earn of water, the velocity is fucb, as 
would be acquired by the fall of a body from a 
height above the furjace of that Jiream. 

This is evident from the nature of motion. 

V. The velocities of water thrf different pajfages of 
the fame height, are reciprocally proportional to 
their breadths. 

For, at fome time, the water muft be delivered 
.as fail; as it comes; otherwife the bounds would 
be overflowed. 

At that time, the fame quantity, which in any 
time flows thro* a fedtion in the open chanel, is 
delivered in equal time thro’ the narrower paf¬ 
fages ; or the momentum in the narrow paflages 
maft he equal to the momentum in the open 
chanel; or the redtangle under the fedtion of the 
narrow paffages, by their mean velocity, muft be 
equal to the redtangle under the fedtion of the 
open chanel by its mean velocity. 

Therefore 
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Therefore the velocity in the open chanel is to 
the velocity in the narrower paflages, as the fee- 
tion of thofe paflages is to the fedtion of the open 
chanel. 

But the heights in both fedtions being equal,, 
the fedtions are diredtly as the breadths - y 

Confequently the velocities are reciprocally as 
the breadths. 

VI. In a running Jlream , the water above any ob- 
Jlacles fut therein will rife to fuch a height , that 

by its Jail the fir earn may be dtfeharged as faff as 
it comes. 

For the fame body of water, which flowed in 
the open chanel, muft pafs thro’ the paflages made 
by the obftacles: 

And the narrower the paflages, the fwifter will 
be the velocity of the water: 

But the fwifter the velocity of the water,, the 
greater is the height, from whence it has de¬ 
scended : 

Confequently the obflacles, which contradt the 
chanel, caufe the water to rife againft them. 

But the rife will ceafe, when the water can run 
off as faff as it comes r 

And this muft happen, when, by the fall be¬ 
tween the obftacles, the water will acquire a ve¬ 
locity in a reciprocal proportion to that in the 
open chanel as the breadth of the open chanel is 
to the breadth of the narrow paflages. 

VII. The quantity of the fall caufed by an objlacle in 
a running fir earn is meafured by the difference be¬ 
tween 
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tween the heights fallen from to acquire the veloci¬ 
ties in the narrow pafiages and open chanel . 

For juft above the fall, the velocity of the ftream 
is fuch, as would be acquired by a body falling 
from a height higher than the furface of the 
water: 

And at the fall, the velocity of the ftream is 
fuch, as would be acquired by the fall of a body 
from a height more elevated than the top of the 
falling ftream ; and confequently the real fall is 
lefs than this height. 

Now as the ftream comes to the fall with a 
velocity belonging to a fall above its furface; 

Confequently the height belonging to the velo¬ 
city at the fall muft be diminifhed by the height 
belonging to the velocity, with which the ftream 
arrives at the fall. 

Problem. 

In a chanel of running water , whofe breadth is con¬ 
tracted by one or more objlaclesthe breadth of 
the chanel , the mean velocity of the whole fiream > 
and the breadth of the water-way between the ob¬ 
jlacles being given ; To find the quantity of the 
Jail occafioned by thofe objlacles , 

Let b = breadth of the chanel in feet. 

v — mean velocity of the water in feet per fee. 
c = breadth of the water-way between the 
obftacles. 

j j 

Now ay : n :: c : ~ c the water-way con- 

traded. ........ Principle III. 

And 
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And — c : b :: v : — v the veloc. per fee. in the 

25 21 C r 

water-way between the obftacles. . . Princip. V. 

Alfo 2a 2 : vv :: a the height fallen to 

acquire the vel. v. . . . . . . I. & II. 

And 2 a 1 : x vv :: a : 53 * x — the height 

21 cl 21 cl 4 a 0 

fallen to acquire the vel. — v .I. & II. 

* 21 C 

Then ^3 X — — — is the meafure of the fall 

21 f[ 4 a 4 a 

required. ... VII. 

Or X — 1 x^isa rule, by which the fall may 
be readily computed. 

Here a = 16,0899 feet and 4 a = 64,3596. 

Example I. For London-Bridge. 

By the obfervations made by Mr. Labelye in 1746, 
The breadth of the Thames at London-bridge is 
926 feet; 

The fum of the water-ways at the time of the 
greateft fall is 236 feet; 

The mean velocity of the ftream taken at its fur- 
face juft above bridge is 3^ feet per fecond. 

Under almoft all the arches there are great num¬ 
bers of drip-lhot piles, or piles driven into the bed 
of the water-way, to prevent it from being walhed 
away by the fell. Thefe drip-ihot piles confide- 
rably contrail the water-ways, at leaft £ of their 
meafured breadth, or about 39-3- feet in the whole. 
•Vol. 50. Sff So 
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So that the water-way will be reduced to 196-y 
feet. 

Now b — 926; e — 1967; v — 3I; 4 a =s 
6+,$S9<>- 


Then 


25 b 23150 


21 r 


413 ° 


5.60532 


And 7,60532 12 =31,4196; and 3 f,4^6—1 = 
30,4196 =“| 2 ~ I- 

Alio ** = W = 251 ; And Si « —$L—- 
6' 36’ 4« 36X64,359.6 

= O, I 5:5-81. 


Then 30,4196x0,175:81 = 4,739 feet, the fall 
fought after. 

By the moft exadt obfervations made about the 
year 1736, the raeafure of the fall was 4 feet 9 
inches. 


Example II. For Wejiminfter-Bridge. 


Altho’ the breadth of the river atWeftminfter- 
bridge is 1220 feet; yet, at the time of the greateft 
fall, there is water thro’ only the thirteen large arches, 
which amount to 820 feet: to which adding the 
breadth of the twelve intermediate piers, equal to 
174 feet, gives 994 for the breadth of the river at 
that time : and the velocity of the water juft above 
bridge (from many experiments) is not greater than 
2-4 feet per fecond. 


Here 5 =994; c = S20; u=2t; 40 =64,3596. 


Now 


256 
21 e 


24850 

17220 


— i>44$* 


.And 



Alfo 'U'y s=|| 2 = ^; And ^ 


81 


x6 X 64,1596 


0 , 0785 . 

Then 1,082 x 0,0785 *s 0,084 feet, the fall 
fought. 

Which is about 1 inch } and is about half an 
inch more than the greateft fall obferved by Mr. 
Labelye. 


LXIV. An Account of the Earthquake in 
the Weft Parts of Cornwall, July 15th 
1757* By the Rev. William Borlafe^ 
M. A. F. R. S. Communicated by the Rev. 
Charles Lyttelton, LL. D. Dean of Exe¬ 
ter, F.R.S. 

Read jan. 26. N Friday the ifth of July, 1757. 

‘ 7S ' V/ a violent fliock of an earthquake 
was felt in the weftern parts of Cornwall. 

The thermometer had been higher than ufual, 
and the weather hot, or calm, or both, for eight 
days before} wind eaft and north-eaft. On the 
14th in the morning, the wind Shifting to the fouth- 
weft, the weather calm and hazy, there was a 
Iho wer. The afternoon hazy and fair, wind north- 
weft. The barometer moderately high, but the 
mercury remarkably variable. 
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